significantly (p <0.001) associated with lower activity levels in both the Saudi and British adolescents. Having lower frequency of fruit intake was significantly (p <0.001) was associated with lower activity levels, whereas increased frequency of consumption of French fries/potato chips was significantly (p =0.008) associated with increased activity levels in Saudi adolescents. Among British adolescents, lower frequency of breakfast was (p = 0.045) associated with lower activity levels, increased frequency of consumption of sweetened beverages was significantly (p =0.005) associated with higher activity levels.
Introduction
The importance of developing healthy lifestyle habits in children and adolescents is indisputable (World Health Organization, 2004) . A range of prior studies have documented how lifestyle factors including lack of physical activity, increased sedentary behavior and poor eating/dietary habits contribute to increased CVD morbidity and mortality in adults (Riddoch et al., 2005) and that these habits and subsequent disease processes develop in childhood (Wedderkopp et al., 2003) .
Adolescence is a particularly important developmental period related to this issue as dietary habits, physical activity and weight status all track from adolescence into adulthood (Telama, 2009; Rasmussen et al., 2006) . It is also a period where sedentary behavior increases (Mitchell et al., 2012) , physical activity declines (Troiano et al., 2008) with an increased nutritional demand due to the rapid physical growth in adolescence.
The three main factors of sedentary behavior, physical activity and eating habits are all independent contributors to the development of chronic disease including overweight and obesity (Ekelund et al., 2006 , Sardinha et al., 2008 As a consequence, the adolescent developmental period provides an important opportunity for the establishment of health enhancing behaviours. It is also a period worthy of scrutiny in order to effectively target interventions and policy recommendations.
In the context of a globalised society and one where lifestyle behaviours are the leading cause of preventable chronic disease worldwide, understanding cross-cultural differences in lifestyle behaviours may be particularly useful in understanding how different environments and cultures may influence lifestyle behaviours. Such data is also useful in order to clarify conflicting observations derived from specific populations (Beardsley and Pendersen, 1997) , particularly as PA opportunities (Nilsson et al., 2009) and eating behaviours (Sluyter et al., 2010) differ by country. It has previously been recognized that many complex factors including personal, cultural, social and ethnicity (Rogers, 1997; Duncan et al 2012) form the health related behaviours and attitudes of young people. Comparative research is therefore useful in such circumstances to help understand how diverse cultural, social and environmental factors might impact on health related behaviours.
This study therefore focuses on two diverse geographical locations, Saudi Arabia and the United Kingdom. Overweight and obesity are at epidemic proportions in both countries (Al-Hazzaa, 2007; Shaw et al., 2007) and lack of physical activity, increased sedentary behavior and poor dietary habits have been posited as antecedents to this situation in both the UK and Saudi. However, the environmental, social and cultural circumstances differ between the two countries. In Saudi Arabia, there has been a nutritional transition to a westernized, calorie-dense diet (Al-Hazzaa et al., 2011c) leading to increased overweight and obesity and in both countries healthy dietary habits are below recommended levels (Vereecken et al., 2005) . There are also contrasting climatic and built environments between the UK and Saudi Arabia which may influence physical activity and sedentary behaviours in different ways between the countries (Al-Hazzaa et al., 2013a) . Furthermore, cultural differences between the UK and Saudi Arabia have largely resulted in Saudi females having fewer opportunities for PA and increased opportunity for screen based sedentary behaviours compared to Saudi males and to their British peers (Al-Hazzaa et al., 2013a) . This study therefore sought to build on prior research in the area by comparing the anthropometric and lifestyle characteristics of active and inactive adolescents in Saudi Arabia and Britain. The study hypothesized that there would be differences in lifestyle (physical activity and dietary habits) and anthropometric characteristics of inactive and active youth and that these differences would also be influenced by country of residence.
Methods

Participants
Following institutional ethics approval and informed consent, a total of 2806 adolescents aged 14-18 years participated in the present study drawn from four major cities in Saudi Arabia and Britain with 1648 participants being drawn from Saudi Arabia and 1158 from Britain. Saudi Arabian samples came from Riyadh, the capital city of Saudi Arabia and located centrally within the country and from Al-Khobar, a modern city located in the eastern coast of Saudi Arabia. British participants were drawn from the cities of Birmingham and Coventry; both are from the central part of England with Birmingham being the second largest city in the United Kingdom. Response rates across countries were not significantly different.
A multistage stratified random-sampling technique was employed to select the students from the secondary schools in the participating four cities. Unified written instructions were applied to the data collection in both countries with students who were free form any major health problem being included in the study. Data were derived from the Arab Teens Lifestyle Study (ATLS) conducted in Saudi Arabia (Al-Hazzaa et al., 2011a; Al-Hazzaa et al., 2011c) and similar research that was conducted in Britain (AlNakeeb et al., 2012) . ATLS is a school based, cross-sectional multicenter lifestyle project and detailed description of ATLS can be found elsewhere (Al-Hazzaa et al., 2011a; AlHazzaa et al., 2011c) .
Anthropometric measurements
All measurements were performed in the morning by a trained researcher according to written standardized procedures. Body weight was measured to the nearest 100 g using calibrated portable scales (Seca Ltd., Hamburg, Germany) while the participant wearing minimal clothing and without shoes. Height was measured to the nearest centimeter using a calibrated measuring rod while the subject was in a full standing position without shoes. Body mass index (BMI) was calculated as kg/m 2 with participant weight status subsequently classified using the International Obesity Task Force (IOTF) age-and sex-specific BMI cutoff reference standards (Cole et al., 2000) for adolescents between the ages of 14-17 years. For participants aged 18 years, we used the adult cut-off points of 25-29.9 kg/m 2 to define overweight and 30 kg/m 2 and higher for obesity. In addition, waist circumference was assessed midway between the rib cage and the superior border of the iliac crest using an anthropometric tape measure with participants standing and at the end of gentle expiration. Waist circumference (WC: cm) and waist to height ratio (WHtR) were then used as measures of weight status in addition to BMI.
Assessment of lifestyle factors
A validated self-report questionnaire was used to assess physical activity levels, The physical-activity part of the questionnaire intended to collect information on frequency, duration and intensity of a variety of light-, moderate-and vigorous-intensity physical activities during a typical week and across different activity domains (transport, household, fitness and sports activities). Metabolic equivalent (MET) values were attributed to the physical activities based on the compendium of physical activity (Ainsworth et al., 2011) and the compendium of physical activity for youth (Ridley et al., 2008 ). Physical activity levels were then classified into two categories (active or inactive) based on a cut-off value for total METs-min/weekof below or >1680 MET-min/week.,.
These cut-offs were employed as a score of 1680 METs-min/week is equivalent to 60 min of moderate-intensity daily physical activity (60 min x 7 days x 4 METs = 1680 METsmin/week), and a score of 2520 METs-min/week is equivalent to 60 min of moderate-to vigorous-intensity daily physical activity (60 min x 7 days x 6 METs = 2520 METsmin/week).
The dietary habit section of the questionnaire covered healthy and unhealthy dietary behaviors and asked how many times in a typical week the participants consumed breakfast, vegetables (cooked and uncooked), fruit, milk and dairy products, sugarsweetened drinks including soft beverages, donuts and cakes, candy and chocolate, energy drinks and fast foods. Possible responses ranged from zero intake (never) to a maximum intake of 7 days per week (every day). Participants were then classified into two categories based on the frequency of their intake for each respective food (4+ days/week, < 4 days/week). Sedentary behaviors were then assessed by asking how much time in a typical day was spent viewing TV, playing video games, and computer and internet use. To classify total screen time, the American Academy of Pediatrics (AAP) guidelines of a maximum of 2 hours per day (American Academy of Pediatrics , 2001) were employed.
Statistical analysis
Data in each participating city were checked and entered into a computer using standardized entry codes written on an SPSS (SPSS, Inc, Chicago, IL) data file. The current analysis included age range between 14 and 18 years. Data were then analyzed using SPSS, version 20. There was no evidence of sample clustering, as intra-class correlation coefficients were very low and were nonsignificant (p value averaged 0.481 in Saudi data and 0.488 in British data). Descriptive statistics were presented as means, standard deviations and proportions. Participants were also classified as active or inactive based on a cut-off value of 1680 METs-min/week of activity energy expenditure. The value of 1680 METs-min/week is equivalent to 60 min of moderate-to vigorous-intensity daily physical activity. Differences in anthropometric characteristics between countries relative to gender and activity level were tested using three-way MANCOVA controlling for the effect of age. Categories of dietary frequency between active and inactive Saudi and British adolescents were cross-tabulated with Chi-square tests. Three-way MANCOVA tests, controlling for age were used to test the differences in dietary habits relative to gender, country and activity level. Finally, logistic regression analysis, adjusted for age, gender and overweight/obesity status was used to test the associations of dietary habits with activity category (active versus inactive). The level of significance was set at 0.05 or less.
Results
Anthropometric characteristics of the participants stratified by gender, country and activity status are presented in Table 1 . Adolescents from Saudi were significantly older than British adolescents (p = 0.008). There were significant gender by country interactions for weight (p = 0.04), height (p = 0.007), WC (p = 0.003) and WHtR (p =0.025). British males were lighter and had lower values for WC than Saudi males but these differences were not evident for females. British males and females were also taller than their Saudi peers. British males had lower WHtR compared to Saudi males, with no difference in WHtR between British and Saudi females. There was also a gender by activity interaction for BMI (p = 0.014) where active males and females had lower BMI values than inactive males and females respectively. However, the difference in BMI was lower between inactive Saudi and British females compared to the other groups. with this pattern being reversed for females. In regard to activity energy expenditure in METsmin/week for the Saudi and British adolescents, the significant gender x activity interaction (p =0.0001) indicated that males were significantly more active than females but that the difference between inactive females was greater than that between inactive males. In addition, the significant main effect for country (p = 0.0001) indicated higher activity energy expenditure in British adolescents compared to their Saudi peers. Overall, 64% of Saudis were considered inactive, whereas this figure was 25.5% among British adolescents.
XXXXTable 1 Here XXXX
The differences in dietary habits between active and inactive Saudi and British adolescents relative to gender are presented in Table 2 . Cross tabulation results showed that there were no significant differences between active or inactive Saudi and British adolescents in breakfast and fruit intakes (p> 0.05). Compared with active British males, active Saudi males had higher intakes of vegetables (p= 0.001), milk (p< 0.001), sweetened beverages (p< 0.001), and fast food (p= .036), whereas British males had higher intakes of French fries/potato chips/potato chips (p= .006), cake/donuts (p< 0.001), sweets (p= 0.008), and energy drinks (p< 0.001), than the Saudi males. For active females, the Saudis had significantly higher intakes of sweetened beverages (p= 0.017), sweets (p= 0.034), and lower energy drinks (p= 0.036), than British females. There also appeared to be a trend toward higher proportions of breakfast, vegetables, fruit and milk intakes among active adolescents in both countries compared with inactive peers.
MANCOVA results showed that gender by country interactions were present in fruit, fast food, cake/donuts and sweets intakes (all p< 0.05, Table 2 ). In addition, country by activity interactions were found in sweetened beverages, French fries/potato chips and sweets consumption (all p< 0.05, Table 2 ). Only fast food intake exhibited gender by activity interactions, whereas the main effect of activity was significant in breakfast, vegetables, fruit, milk, sweetened beverages and energy drinks consumption (all p< 0.05, Table 2 ).
XXXXTable 2 Here XXXX Furthermore, the results from multiple logistic regression (Table 3 ) analysis indicated that several dietary habits were associated with physical activity levels among Saudi and British adolescents. Being females was significantly (p <0.001) associated with lower activity levels in both the Saudi and the British sample (Saudis: adjusted odds ratio (aOR) =0.234; CI= 0.181-0.302; British: aOR= 0.494; CI= 0.359-0.679). Furthermore, among Saudi adolescents, having lower fruit intake (<3 days/week) was significantly (p <0.001) was associated with lower activity levels (aOR =0.520; CI= 0.380-0.712), whereas increased consumption of French fries/potato chips (≥5 days/week) was significantly (p =0.008) associated with increased activity levels (aOR = 1.61; CI= 1.13-2.28).
Among British adolescents, having lower intake of breakfast (less than daily) was significantly (p = 0.045) associated with lower activity levels (aOR =0.696; CI= 0.489-0.991), whereas increased consumption of sweetened beverages (4+ days/week) was significantly (p =0.005) associated with higher activity levels (aOR = 1.75; CI= 1.18-2.61).
Also, higher energy drinks intake (4+ days/week) was significantly (p =0.007) associated with higher activity levels (aOR = 2.12; CI= 1.23-3.65). When sedentary behavior (total screen time) was subsequently entered as covariate, no substantial changes in the current results of the logistic regression occurred either for the Saudi or British data. 
Discussion
This study evidences important cross-cultural differences in the anthropometric and lifestyle habits of active and inactive adolescents from Saudi Arabia and Britain. Few studies have considered this issue, particularly in the context of dietary habits and activity levels together. This should be considered the major contribution of this study.
The results of this study support prior work which has evidenced high levels of overweight and obesity and low levels of habitual physical activity in Saudi adolescents 2013a) which may explain some of the findings presented here, though these cultural norms are beginning to change but slowly. Such a conclusions is also supportive of prior research documenting socio-cultural influences on the physical activity behaviours of culturally diverse women, including Arabic speaking females living in Australia (Caperchione et al., 2011) .
However, the current study develops understanding in this area by demonstrating that there are cross cultural differences in dietary habits between adolescents from Saudi Arabia and Britain and that these dietary habits also differ depending on physical activity status (inactive vs. active). Consistent with prior data from the HBSC (Vereecken et al., 2005) , the present study evidences that a significant number of British and Saudi adolescents consumed few fruit and vegetables, with a high frequency of consumption of sugar-sweetened drinks. There is also known variation in food habits in adolescents from different countries (Rasmussen et al., 2006; Ng et al., 2011) . The findings of the present study showed that the most active adolescents from both countries appeared generally to have healthier dietary habits than the inactive group. More specifically, the present study also evidenced that in adolescents from Saudi Arabia lower fruit intake was associated with lower activity levels but, conversely, greater consumption of French fries/potato chips was associated with being active. In British adolescents having lower intake of breakfast daily was associated with being inactive. However, being active was associated with greater consumption of sweetened beverages and energy drinks. In some ways these results might be considered contradictory, with active children having healthier dietary habits overall but poorer habits related to specific foodstuffs (e.g., energy drinks). This may be explained by the fact that sporting events and environments promote such sugary beverages and unhealthy snacks (through vending machines, commercial presences, etc...). In such cases following organized activity, youth may be more likely to consume such products. Authors have previously reported that the association between sugar-sweetened beverages, often marketed as sport drinks, and energy drinks, often marketed to assist in exercise or sports performance are becoming increasingly marketed to youth, particularly as a means to enhance exercise performance (Schneider and Benjamin, 2011) . Such similar findings have been reported among Iranian children and adolescents (Kelishadi et al. 2007 ).
These results may be important and suggestive that physical activity is one of a cluster of lifestyle behaviors in adolescents and that those adolescents evidencing more positive behavior in relation to physical activity are also more likely to report more positive behaviors related to healthy eating (Dodd et al., 2010) . Understanding how such dietary behaviours cluster in different countries and cultures and between adolescents who are active or inactive is a useful step in behavior modifications and establishing strategies that are country specific and amenable to change. Furthermore, as healthy dietary behaviours cluster with physical activity (Busch et al., 2013) , it may be that efforts to increase habitual physical activity energy expenditure will also result in other positive behavior changes including more positive eating habits. This is because specific behavioural patterns underlie individual health behaviours (Busch et al., 2013) . This suggestion is however speculative and further research, using cluster analysis or latent class analysis, is however required to understand cross cultural determinants of unhealthy dietary habits and the mechanism by which physical activity and other health related lifestyle behaviours including healthy eating cluster. Despite this, the fact that inactivity covaries with less healthy dietary habits might suggest that multimodal intervention programs would likely be more effective in achieving behavior modification than targeting a single behavior alone (Butke et al., 1997) .
The present study is not without limitations. This is a cross sectional study, which does not imply causality. The self-reported nature of the data presented here can also be considered a limitation. Although every effort was made to minimize over-or underreporting by the participants, the limitations of assessing dietary habits and physical activity among adolescents from different countries using self-reported questionnaire must be considered when interpreting the present study findings. The dietary information obtained from the participants was based on the frequency of consumption of food items without any regard to quantity or portion size. However, portion sizes are difficult to estimate accurately, especially in people who are not used to the concept. A recent study reporting on Saudi adolescents showed that physical activity was associated with intakes of healthier dietary habits such as breakfast, vegetables, fruit and milk consumption, whereas screen time was associated with intakes of less healthier dietary habits such as fast food, cake/donuts, sugar-sweetened drinks and energy drinks consumption (AlHazzaa, et al, 2013b) . However, in the present study, adding total screen time did not substantially alter the current findings. It is also possible that socio-economic status might explain some fo the variation reported in the present study. Socio-economic status was not directly measured in the present study and it is difficult to directly compare socioeconomic status across the two countries involved as there are differing metrics by which this can be assessed, specific to each country. Despite this, the sample populations were drawn from across the spectrum of socio-economic status areas/schools in the countries and regions involved and, as a consequence, it is less likely there is socio-economic bias in the data presented here. Future research should however aim to account for possible socio-economic status differences. The lack of maturational assessment is also a limitation in the present study. The sensitive nature of assessing or even reporting secondary sex characteristics in Saudi Arabia make it difficult to complete such assessments. Every effort was also made to ensure that the participants were fairly representative of major cities in each of the respective countries involved; it is difficult to generalize the study results to all adolescents living in large cities, especially in UK. Most major cities in Saudi Arabia with the exception of those in Southwestern Mountains have fairly similar landscapes and environmental determinants of physical activity and dietary habits. However, not all British cities have the same provisions for promoting physical activity and dietary habits. UK cities would also vary considerably in terms of walkability, housing density, street intersection density, land use mix, green space and traffic volume.
In the current study, the cities of Birmingham and Coventry were employed as sites for data collection. These cities are largely industrial and multicultural cities where a large range of energy dense and culturally varied foodstuffs are readily available. Employing assessment of the built environment in cross-cultural research of this nature would be useful in understanding how built environment differences might impact lifestyle behaviors in youth. Unfortunately comparable measures of the built environment for Britain and Saudi Arabia were not available in the present study. Among the strengths of the current research are the use of highly standardized protocols and procedures in all of the participating centers. In addition, the physical activity questionnaire used in this survey was found to be reproducible, valid and comprehensive, utilizing all domains of physical activity. The present study identifies cross-cultural differences and similarities in lifestyle habits in adolescents from Britain and Saudi Arabia. The rest NS Data are percentages or means and SD. * Three-way MANCOVA tests, controlling for the effect of age: a = significant differences at p <.05 for the effect of age; b = significant differences at p < .05 for the effect of gender; c = significant differences at p < .05 for the effect of country; d = significant differences at p < .05 for the effect of activity level; e = significant differences at p < .05 for the interaction effect of gender by activity; f = significant differences at p < .05 for the interaction effect of country by activity; g = significant differences at p < .05 for the interaction effect of gender by country. 
